A small ultra-wideband antenna having two rejected bands is proposed. The antenna is simply composed of a micro strip-fed fork-shaped monopole, a pair of rectangular stubs which are shorted with the ground plane, a rectangular strip and an L-shaped strip connected with the ground plane. The antenna has compact dimension of 20 × 31 × 1.6 mm. The impedance matching with 10 dB return loss is from 3.1GHz to 10.6 GHz, in which there is two rejected bands which cover 3.3-3.68 GHz.
Introduction
After the Federal Communications Commission allocates 3.1-10.6 GHz for UWB system used [1] , a variety of antennas for UWB application have been proposed [1] [2] [3] [4] [5] [6] [7] . During the UWB operating band, there are coexisting other narrow communication operating bands such as 3.3-3.7 GHz WiMAX band and 5.15-5.825 GHz WLAN band. In order to reduce the interference between UWB system and these systems, it is important for the UWB antennas to have the feature of filtering the WiMAX and WLAN operating band. Recently, a number of dual or multi-rejected band UWB antennas were presented [8] [9] [10] [11] [12] .
In this Letter, a compact ultra-wideband antenna with novel band-reject structures is proposed. The antenna is simply formed by a fork-shaped monopole, two rectangular stubs extended from the ground plane, a rectangular strip and another L-shaped strip connected with the ground plane. The ultra-wideband impedance matching can be easily achieved by optimizing the dimension of the fork-shaped monopole and stubs, while 3.5/5.5 GHz rejected bands can be easily obtained by tuning the parameters of the parasitic strips. The antenna has compact dimension of 20 × 31 × 1.6 mm. Fig. 1 shows the structure of the proposed antenna which is printed on a 1.6 mm thick FR4 substrate with relative permittivity of 4.4. The antenna is simply formed by a fork-shaped monopole, a couple of rectangular stub resonators, a rectangular strip and another L-shaped strip. In order to widen the impedance bandwidth, a tapered micro strip-fed line is used to feed the monopole and stubs. The overall length (L-L3) of the rectangular stubs is set to be about 1/4 λ at the lowest resonant frequency (3.2 GHz in this design) of the antenna. The impedance bandwidth covering the UWB operating band can be easily achieved by optimizing the dimensions of the fork-shaped monopole and rectangular stubs using simulation software such as HFSS.
Antenna design
To generate two rejected bands, a rectangular strip and an L-shaped strip are applied. The rectangular strip connected with the ground plane parallels to the right stub, while the L-shaped strip is extended from the top edge of the ground plane. The length of the strip, based on the resonant frequency (fnotch) of the notched band, can be calculated as
where Lnotch is the total length of the embedding strip, εre is the effective dielectric constant, and c is the speed of the light. 
Results and discussion
In this section, the effects of various design parameters on the impedance matching of the UWB antenna are analyzed firstly. Then measured results of the fabricated antenna are presented. Fig. 2 shows the return loss of UWB antenna, UWB antenna with rectangular strip, UWB antenna with L-shaped strip and the proposed antenna. For the first antenna, good impedance matching is achieved from 3.1 GHz to 10.6 GHz, while there is a rejected band at 3.5 GHz for the antenna with rectangular strip and there is a rejected band at 5.5 GHz for the antenna with L-shaped strip. For the proposed antenna, 3.5 GHz and 5.5 GHz rejected bands are generated. This indicates that the 3.5 GHz band-notch function is generated by the rectangular strip and the 5.5 GHz rejected band is generated by the L-shaped strip. 3 shows the effects of the parasitic strip lengths L11 and L22 on the band-notch frequencies. From the results shown in Fig. 3 (a) , it can be seen that the 3.5 GHz notched band shifts to the lower frequency when L11 increases from 11.0 mm to 12.2 mm, while in Fig. 3 (b) , the 5.5 GHz band moves to the upper frequency when L11 decreases from 9.0 mm to 7.4 mm, which indicates that the central frequencies of the notched bands can be easily achieved by choosing the proper lengths of the parasitic strips. Fig. 4 (a) and (b) show the notched bandwidths via the parameter a11 and a22 of the strips. It can be seen that the 3.5 GHz rejected bandwidth is enhanced as a11 increased, while the 5.5 GHz rejected bandwidth broadens when a22 increases from 0.15mm to 0.65mm. This analysis clearly indicates that the notched bandwidths of the proposed UWB antenna can be easily and effectively controlled by adjusting the values of a11 and a22 of the parasitic strips.
The simulated current over the proposed antenna at the resonant frequencies at 3.54 GHz and 5.2 GHz of the parasitic strips are shown in Fig. 5 (a) and (b) , respectively. For the first case, the current is mostly concentrated at the rectangular strip, while at 5.2 GHz, the current mainly flows on the L-shaped strip, and little energy is radiated by the monopole antenna, which results in generating 3.5 GHz/5.5 GHz dual notched bands. Based on the design dimensions given above, the antenna was fabricated and measured. Fig.6 shows the photograph of the fabricated antenna. Fig.7 shows the simulated and measured return loss of the fabricated antenna. The measured impedance matching which is lower than 10 dB, return loss is from 3.1 GHz to 10.6 GHz, in which there are two rejected bands which cover 3.3-3.68 GHz band and 5.12-5.85 GHz band. Fig. 8 shows the radiation patterns in H-plane and E-plane. The radiation pattern in H-plane at 4.0 GHz, 6.5 GHz and 9.5 GHz is approximately omni-directional. The gain of the proposed antenna is illustrated in Fig. 9 . It is observed that the gain jumps at 3.45 GHz and 5.34 GHz. 
Conclusion
The design of a UWB slot antenna having small dimension with dual rejected bands has been proposed. Good impedance matching can be easily obtained by tuning the parameters of the fork-shaped monopole and the stubs, while 3.5/5.5 GHz notched bands can be easily generated by embedding a rectangular strip and an L-shaped strip. In addition, the proposed antenna has compact dimension. The antenna can be used in a variety of ultra-wideband systems.
